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In m:ent times the usc of mobile telephones has~ted,
resulting in an inaeasing exposure of the environment to
weak radiofrcquency (RF) fields, transmitted from these
devices.
In previous work we showed that cc11 srowth is affected by
exposure to weak electromagnetic (ELF) fields' .
Consequently the next lhing to investigate was, if EM fields The question of whether power frequency (60 Hz)
generated by microwave radiation. would have a similar effect electromagnetic fields (EMF) present a health risk to humans
on cell proliferation. remains highly controversial. Wbilc a variety of biological
The field was generated by signal simulation of the Global responses to EMF under laboratory conditions have been
System for Mobile communications (GSM) of960 MHz. Cell reported, the molecular mechanisms that mediate these
cuItures. growing in microtiter Plates. were exposed in a phenomena remain elusive. Insight into the biochemical and
specially constructed chamber, a Transverse Electromagnetic genetic mechanisms that transduc:c EMF into biologically
(TEM) cell. The Specific Absorption Rate (SAR)w1ucs for responsive signals is critical for clarifying the putative role of
each cell well were calculated for this exposure system%. EMF in the development ofcertain human cancers.
Experiments were perfonncd on ceO cultures of transformed The yeast Saccharomyces cel'tVisiae is an ideal model
human epithelial amnion cells (AMA), which were exposed organism for studying molecular mechanisms of euIcaryotic
in the TEM cell to 960 MHz microwave fields at 3 different gene expression. This singlc-cclled fungus is highly
power levels. The cells, growing in· microliter plates in amenable to traditional genetic techniques. Additionally,
monolayer cultures, were exposed for 20. 30 or 40 .min recombinant DNA techniques are available for yciast which
RSpeetivcly. Cell proliferation was determined immediately are not yet technically feasible with more complex cells,
before exposure and again after a 24 hours' growth period: It especially those of humans. While completion of the Human
was found that cell growth in theexposcd cells di1fercd from Genome Project remains at least S-lO years away, the DNA
that in the control and sham exposed. cc11s and a decrease in sequence of the entire yeast genome is now available. Thus.
cell growth was seen. Cell proliferation during the period e.xperimental approaches can be designed using yeast which
follOWing exposure not only varied with. the various SAR are not available for the other model organisms typically used
levels, but also with the length of exposure time. On the in EMF studies.
other hand repeated periods of exposure did not seem to Has studying yeast actually con!"buted to our understanding

..change the effects.• There was a general linear correlation of cancer in humans? An unexpected outcome of cloning
between power level and growth changes. . human genes has been the discovery that many cancer-related
However. the exposure time required to obtain the maximum genes are very similar in all eukaryotes-frOm yeast to
effect was not the same for the various power levels. It turned humans. Numerous human genes involved in regulating cell
out that at low power level the maximum effect was first growth and are defective in human cancers were first
reached after a longer exposure time than at higher power identified as CDC (¢l4ivision ~ntrol) genes in yeast. First
level. A similar phenomenon was registered in our studies on id~ntified in genetic studies using yeast, molecd1ar clones of
ELF electromagnetic fiel~. Here we found that there was a the yeast genes were then used to identify the homologous
linear correlation between the length of exposure time to genes- in humans. There is an ever-increasing list of human
obtain maximum· effect and the field strength. The cancer genes that have structural and functional homologies
explanation could be found in tenns of ·window· effects or in yeast. 0 .... J P Ue" .
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iDdudion of the stress response appears to be an appropdate electromagnetic fields. BiMlectroehem. Bioenerg. 36 (1995)
cellular response to a stimulus that is not IIOl1II8IIy part of its 109.
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mechanisms involved. . calcuIations of the EM-field distribution in a miaotiter
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and thus can be excited to many discrete internal energy
states. Since nuclear energies are much larger than atomic
energies. the energy differences between internal energy
states are substantially larger, and the corresponding elec
tromagnetic radiation quanta hvemitted or absorbed when
nuclei change their energies are even bigger than those
of X rays. Such quanta given off or absorbed by atomic
nuclei are called gamma rays (see The electromagnetic
spectrum above).

PROPERTIES AND BEHAVIOUR

Scattering, reflection, and refraction. If a charged parti
cle interacts with an electromagnetic wave, it experiences
a force proportional to the strength of the electric field
and thus is forced to change its motion in accordance with
the frequency of the electric field wave. In doing so, it
becomes a source of electromagnetic radiation of the same
frequency, as described in the previous section. The en
ergy for the work done in accelerating the charged particle
and emitting this secondary radiation comes from and is
lost by the primary wave. This process is called scattering.
Since the energy density of the electromagnetic radiation

is proportional to the SQuare of the electric field strength
and the field strength is caused by acceleration of a charge,
the energy radiated by such a charge oscillator increases
with the SQuare of the acceleration. On the other hand, the
acceleration of an oscillator depends on the frequency of
the back-and-forth oscillation. The acceleration increases
with the SQuare of the frequency. This leads to the impor
tant result that the electromagnetic energy radiated by an
oscillator increases very rapidly-namely, with the SQuare
of the SQuare or. as one says, with the fourth power of
the frequency. Doubling the frequency thus produces an
increase in radiated energy by a factor of 16.

This rapid increase in scattering with the frequency of
electromagnetic radiation can be seen on any sunny day:
it is the reason the sky is blue and the setting Sun is red.
The higher-frequency blue light from the Sun is scattered
much more by the atoms and molecules of the Earth's at
mosphere than is the lower-frequency red light. Hence the
light of the setting Sun, which passes through a thick layer
of atmosphere, has much more red than yellow or blue
light, while light scattered from the sky contains much
more blue than yel10w or red light.
The process of scattering, or reradiating part of the elec

tromagnetic wave by a charge oscil1ator, is fundamental to
understanding the interaction of electromagnetic radiation
with solids, liquids, or any matter that contains a very
large number of charges and thus an enormous number
of charge oscillators. This also explains why a substance
that has charge oscillators of certain frequencies absorbs
and emits radiation of those frequencies. .

When electromagnetic radiation fal1s on a large collection
of individual smal1 charge oscillators, as in a piece of glass
or metal or a brick wal1, all of these oscillators perform
oscil1ations in unison, following the beat of the electric
wave. As a result, all the oscil1ators emit secondary radi
ation in unison (or coherently), and the total secondary
radiation coming from the solid consists of the sum of
all these secondary coherent electromagnetic waves. This
sum total yields radiation that is reflected from the surface
of the solid and radiation that goes into the solid at a
certain angle with respect to the normal of (i.e., a line
perpendicular to) the surface. The latter is the refracted
radiation that may be attenuated (absorbed) on its way
through the solid.

Superposition and interference. When two electromag
netic waves of the same frequency superpose in space, the
resultant electric and magnetic field strength of any point
of space and time is the sum of the respective fields of the
two waves. When one forms the sum, both the magnitude
and the direction of the fields need be considered, 'which
means that they sum like vectors. In the special case when
two equally strong waves have their fields in the same
direction in space and time (i.e.• when they are in phase),
the resultant field is twice that of each individual wave.
The resultant intensity, being proportional to the SQuare
of the field strength, is therefore not two but four times
the intensity of each of the two superposing waves.
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The characteristic and discrete energies hv found as
emission and absorption of electromagnetic radiation by
atoms and molecules extend to X-ray energies. As high
energy electrons strike the piece of metal in an X-ray tube.
electrons are knocked out of the inner energy shell of the
atoms. These vacancies are then filled by electrons from
the second or third shell; emitted in the process are X rays
having hv values that correspond to the energy differences
of the shells. One therefore observes not only the con
tinuous spectrum of the bremsstrahlung discussed above
but also X-ray emissions of discrete energies hv that are
characteristic of the' specific elemental composition of the
metal struck by the energetic electrons in the X-ray tube.
The discrete electromagnetic radiation energies hv emit

ted or absorbed by all substances reflect.'the discreteness
of the internal energies of all material things. This means
that window glass and water are transparent to visible
light; they cannot absorb these visible light quanta because
their internal energies are such that no energy difference
between a higher and a lower internal state matches the
energy hv of visible light. Figure 3 shows as an· example
the coefficient of absorption of water as a function of
frequency v of electromagnetic radiation. Above the scale
of frequencies, the corresponding scales of photon energy
hv and wavelength A are given. An absorption coefficient
a - 10..... cm-' means that the intensity of electromagnetic
radiation is only one-third its original value after passing
through 100 metres of water. When a = 1em-I, only a
layer one centimetre thick is needed to decrease the inten
sity to one-third its original value, and. for a'= 10J cm, a
layer of water having a thickness of this page is sufficient
to attenuate electromagnetic radiation by that much. The
transparency of water to visible light, marked by the verti
cal dashed lines, is a remarkable feature that is significant
for life on Earth.
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All things look so different and have different colours
because of their different sets of internal discrete energies,
which determine their interaction with electromagnetic
radiation. The words looking and colours are associated
with the human detectors of electromagnetic radiation,
the eves. Since there are instruments available for detect
ing eiectromagnetic radiation of any frequency, one can
imagine that things "look" different at all energies of the
spectrum because different materials have their own char
acteristic sets of discrete internal energies. Even the nuclei
of atoms are composites of other elementary panicles

'''Il!
. "

1eVII 1 MeV",': ,,IT'I-l.-l.-l.-l.:-l.-.L.:...l.-l.-J.,;.....,...l.-l..:.J...l.-I-J.,;....I-I-'-L.....J.
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Figure 3: The absorption coelticient for liquid warer as a
function of frequency.
Also shown as abscissas are an energy scale (arrows) and
a wavelength scale (verticallinasl. The visible region of ttle
frequency spectrum is indicated by the vertical dashed lines.
Tile absorption coeffICient for seawater is denoted by the
dashed diagonal line at ttle left. The scales are logarithmic in
both directions.
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elevated temperature. Although details of the mechanism of 1. S. Kwee and P. Rasnwk: Changes in cell proliferation due
interaction of EM fields with ceUs remain unknown, the to environmental non-ionizing radiation, 1. ELF
induction of the stress response appears to be an appropriate electromagnetic fields. Bioelectroehem. Bioenerg. 36 (1995)
cellular response to a stimulus that is not normally part of its 109.
environment, and this may well· provide a clue to the 2. K. V. Steffensen, P. Raskmark and G. F. Pedersen: FDID
mechanisms involved. calculations of the EM-field distribution in a microtiter
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In recent times the use of mobile telephones has accelerated,
resulting in an increasing exposure of the environment to
weak radiofrequency (RF) fields, transmitted from these
devices.
In previous work we showed that cell growth is affected by
exposure to weak electromagnetic (ELF) fields! .
Consequently the next thing to investigate was, if EM fields The question of whether power frequency (60 Hz)
generated by microwave radiation, would have a similar effect electromagnetic fields (EMF) present a health risk to humans
on cell proliferation. remains highly controversial. While a variety of biological
The field was generated by signal simulation of the Global responses to EMF under laboratory conditions have been
System for Mobile communications (GSM) of 960 MHz. Cell reported, the molecular mechanisms that mediate these
cultures, growing in microtiter plates, were exposed in a phenomena remain elusive. Insight into the biochemical and
specially constructed chamber, a Transverse Electromagnetic genetic mechanisms that transduce EMF into biologically
(reM) cell. The Specific Absorption Rate (SAR) values for responsive signals is critical for clarifying the putative role of
each cell well were calculated for this exposure system2. EMF in the development ofcertain human cancers.
Experiments were performed on cell cultures of transformed The yeast Saccharomyces cerevisiae is an ideal model
human epithelial amnion cells (AMA), which were exposed organism for studying molecular mechanisms of eukaryotic
in the TEM cell to 960 :MHz microwave fields at 3 different gene expression. This single-celled fungus is highly
power levels. The cells, growing in· microtiter plates in amenable to traditional genetic techniques. Additionally,
monolayer cultures, were exposed for 20, 30 or 40 min recombinant DNA techniques are available for yeast which
respectively. Cell proliferation was determined immediately are not yet technically feasible with more complex cells,
before exposure and again after a 24 hours' growth period. It especially those of humans. While completion of the Human
was found that cell growth in the exposed cells differed from Genome Project remains at least 5-10 years away, the DNA
that in the control and sham exposed cells and a decrease in sequence of the entire yeast genome is now available. Thus,
cell growth was seen. Cell proliferation during the period experimental approaches can be designed using yeast which
follOWing exposure not only varied with the various SAR are not available for the other model organisms typically used
levels, but also with the length of exposure time. On the in EMF studies.
other hand repeated periods of exposure did not seem to Has studying yeast actually con¢buted to our understanding

. change the effects.• There was a general linear correlation of cancer in humans? An unexpected outcome of cloning
between power level and growth changes. . human genes has been the discovery that many cancer-related
However, the exposure time required to obtain the maximum genes are very similar in all eukaryotes-fr()m yeast to
effect was not the same for the various power levels. It turned humans. Numerous human genes involved in regulating cell
out that at low power level the maximum effect was first growth and are defective in human cancers were first
reached after a longer exposure time than at higher power identified as CDC (£ell !!ivision ~ntrol) genes in yeast First
level. A similar phenomenon was registered in our studies on identified in genetic studies using yeast, molCClllar clones of
ELF electromagnetic fields3

. Here we found that there was a the yeast genes were then used to identify the homologous
linear correlation between the length of exposure time to genes- in humans. There is an ever-increasing list of human
obtain maximum effect and the field strength. The cancer genes that have structural and functional homologies
explanation could be found in tenos of "window" effects or in yeast. 0 ....." J P ~ .
adaptation. t: ;r...J::-p¢r~ lJ,/ r .. '* t''J

S'.krf....r~ )~l. t).. 1,1 A lJ.tn./;"Wjc-s. who a.#~~l...~~.. tv.e.tltSNt>A
, 58 P . r T___"'~

-- ~~ 'A",<v· "f LV"$/-1., '!7tZe(#k, /.tI4

~...



IMS-Io-S I
USE OF NON-MAMMALIAN MODEL SYSTEMS TO
INVESTIGATE MECHANISMS MEDIATING
BIOLOGICAL INTERACTIONS Wrm
ELECTROMAGNETIC FIELDS. D.M. Binninger.
Department of Biological Sciem:cs, Florida Atlantic
University, Boca Raton, Florida 33431, USA.

1MS-26-4 I
THE BIOLOGICAL EFFEcrs OF MICROWAVE
RADIATION. S. Kwee1 and P. Raikmazk2. lInstitute of
Medical Biochemistry, University of Aarhus, DK-8000
Aarhus C, Denmark. 2Institute· of· Comrmmication
Tecbnology,Aalborg University, DK-9220 Aalborg 0,
.Denmark.

"~w~ ~i,...c ••~ ~~'~~~~YA44:'~ I~
A....f) I .. rtt '- Mu/,;,~~" ~F-t<-I . 7~/-1·" 'l!:1.

similar tor&(ca~~iDcreased tempel'Iture, but wit!tOut References: ..s I 7 4

elevated tempcratun:. Although details of the mec:Jutnism of 1. S. Kwee and P. Rasmark: Changes in cell proliferation due
iDtcraction of EM fields with ceUs remain UDkDown. the to environmental DOn-ionizing radiation, 1. ELF
induction of the stress respoase appears to be an appropriate dcctromagnetic fields. Bioelectroehem. Bloenerg. 36 (1995)
cellular tespOnse to a stimulus that is not IlOIDJI1Iy part of its 109.
envUolUllCllt. and this may.well' pl'O'Yide a due to. the 2. K. V. Stcft'ensen, P. Rasknwk and G. F. Pedersen: FOTD
~nisms involved. calculations of the EM-field distribution in a microliter
We thank the NCI, the US Department of EDcrgy and the suspension welL Proceedings ofthe 244 COST #Meting on
Heineman Foundation for their support -Biological eJficts rtlevant to ampillutk'modulated RF

fields-. Kuopio, 1995.
3. S. Kwee and P. Raskmark: The minimizing etrect of
electromagnetic noise on the changes· in cell proliferation
caused by ELF electromagnetic fields. Proceedings ofthe 3rd
Intemational Congrus ofthe EuroJ¥Dn Bloelectromagneties
Association. Nancy 1996. .

In recent times the use of mobile telephones bas~
resulting in an increasing exposure of the environment to
weak radiofrequency (RF) fields. traDsmitted from these
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In previous work: we showed that cell growth is atrected by
exposure to weak electromagnetic (ELF) fields' .
Consequently the next thing to investigate was. if EM· fields The question of whether power fn:qucncy (60 Hz)
generated by microwave radiation, woold have a similar etrect electromagnetic fields (EMF) present ahealth risk to humans
on c:ell proliferation. remains highly controVersial. While a variety of biological
The field was generated by signal simulation of the Global responses to EMF under laboratory conditions have been
System for Mobile communications (GSM) of960 MHz. Cell reported, the';"... molecular mechanisms that mediate these
cultures. growing in microliter plates, were exposed in a phenomena remain elusive. Insight into the bioc:hemical and
specially constructed chamber, a Transverse E1ectIOmagnetic genetic mechanisms that transduce EMF into biologically
(TEM) cell. The Specific Absorption Rate (SAR) values for responsive signals is critical for clarifying the putative role of
each c:ell well were calculated for this exposure system2• EMF in the deVelopment ofcertain human cancers.
Experiments were perfonned on cell cultures of transfonned The ~Yeast·· sacCharomyces cerevisiae is an ideal model
human epithelial amnion c:ells (AMA), which were exposed organism for studying molecular mechanisms of eukaryotic
in the 1EM cell to 960 MHz microwave fields at 3 different gene expression. This single-celled fungus is highly
power levels. The c:ells, growing in· microliter plates in amenable to traditional gei\etic techniques. Additionally,
monolayer cultures, were exposed for 20, 30 or 40· min recombinant DNA techniques are available for yeast which
respectively. Cell proliferation was determined immediately are not yet technically feasible with more complex cells,
before exposure and again after a 24 hours' growth period: It especially those of humans. While completion of the Human
was found that cell growth in the exposed cells differed from Genome Project remains at least 5-10 years away, the DNA
that in the control and sham exposed. cells and a decrease in sequence of the entire yeast genome is now available. Thus,
cell growth was seen. Cell proliferation during the period e.xperimental approaches can be designed using yeast which
following exposure not only varied with. the various SAR are not available for the other model organisms typically used
levels, but also with the length of exposure time. On the in EMF studies.
other hand repeated periods of exposure did not seem to Has studying yeast actually con!CIDuted to our understanding

_.change the effects. & There was a general linear correlation of cancer in humans? An unexpected outcome of cloning
between power level and growth changes. . human genes has been the discovery that many cancer-related
However, the exposure time required to obtain the maximum genes are very similar in all eukaryotes--frO yeast to
effect was not the same for the various power levels. It turned humans. Numerous human genes involved in regulating cell
out that at low power level the maximum cft'ect was first growth and are defective in human cancers were first
reached after a longer exposure time than at higher power identified as CDC {£ell division £Ontrol) genes in yeast. FlISt
level. A similar phenomenon was registered in our studies on identified in genetic studies using yeast, molecOlar clones of
ELF electromagnetic fields3. Here we found that there was a the yeast genes were then used to identify the homologous
linear correlation between the length of exposure time to geneS'in humans. There is an ever-increasing list of human
obtain maximum' effect and the field strength. The cancer genes that have structural and functional homologies
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